Introduction
A great number zinc-based ring opening polymerization (ROP) catalysts have been explored since the seminal work by Coates and co-workers. 1 The majority of these catalysts employ ligand 25 systems such as diphenolates, 2, 3 or Schiff bases, 4 whilst relatively few calixarene-based catalysts for the ROP of either lactides or lactones have been examined. 5 Generally, ligands that are monoanionic are chosen for reaction with zinc precursors as they will inevitably lead to a metal that still contains a viable 30 nucleophilic group for ROP, which may be the reason that p-tertcalix[4]arenes have rarely been utilized. Vigalok and co-workers have had success with zinc alkyl-based calix [4] arenes and although the dialkoxycalix[4]arene ligand is dianionic when deprotonated its use leads to a dimetallic complex that can still 35 contain a nucleophilic group. 6 Indeed, in related work, we have accessed a highly selective and immortal magnesium based mononuclear complex [L 3 Mg(n-Bu)], where L 3 is derived from tripropoxy-p-tert-butylcalix [4] arene, which exhibited exceptional activity for the ROP of rac-lactide. 7 Given zinc compounds are 40 often synthesized due to their higher tolerance of water, 8 we have initiated a programme to more fully explore both the coordination chemistry and catalysis of zinc-based calixarenes. Herein, we explore the use of the calix [4] Chart 1) . 9 Resulting zinc compounds have been subjected to both ε-caprolactone and rac-lactide ROP studies. The effect of additional chain transfer agents are described, and the tacticity of the resulting polymers are 50 discussed.
Results and discussion

Calix[4]arene Complexes
A number of new zinc-containing calix [4] arene complexes have been synthesised and fully characterized. The synthetic 55 procedures are outlined below in Scheme 1.
Scheme 1 Synthesis of zinc compounds 1 -4. i) 2 Zn(C6F5)2.tol, toluene, reflux, 16 h. ii) 2 ZnMe2, toluene, RT, 16 h. iii) 1) 2 NaH, THF, 16 h, room temperature, 2) ZnCl2, THF, 2 h, RT, 3) Na(N(SiMe3)2), THF, 2 h, RT. iv) 2 Zn(N(SiMe3)2)2, toluene, reflux, 72 h.
The compound 1,3-dipropoxy-p-tert-butyl-calix[4]arene (L1H 2 )
5 was synthesized as previously described. 10, 11 12 In the case of 1, the cone conformation was isolated exclusively. Crystallization of compound 1 using hot 15 acetonitrile led to the formation of clear blocks on slow cooling to ambient temperature, which proved suitable for single crystal X-ray diffraction studies. Compound 1 crystallises with two different pentafluorophenyl zinc environments, one outside of the calix[4]arene backbone and the other within the cavity. The exo 20 zinc metal centre is five co-ordinate in a trigonal bipyramidal geometry bonding to all four of the calix[4]arene lower-rim oxygens, whereas the encapsulated zinc is trigonal planar and only binds to the 'non-propoxy' oxygen atoms. The pinched-cone calixarene conformation arises due to the propoxy substitution 25 and the spatial requirement of the Zn(2)-bound C 6 F 5 group. The Zn(2) to arene distances of ca. 3.0 Å are likely too long for these to be considered as Zn···π interactions. The structure of compound 1 is depicted in Figure 1 , with selected bond lengths and angles given in the caption. 30 Disappointingly, the pre-polymerization screening of compound 1 indicated no reaction between the benzyl alcohol (BnOH) and the Zn-C 6 F 5 moiety, which was also the conclusion obtained by Schnee et al and Piedra-Arroni et al when Zn(C 6 F 5 ) 2 ·toluene was employed in the presence of either BnOH or amine/phosphine 35 respectively. 13, 14 In such systems, the catalyst was thought to behave as a 'monomer activator' rather than proceeding via a 'coordination insertion' pathway; the lack of activity contrasts with a 
number of previous Zn-C 6 F 5 containing compounds. 13, 14 To ensure that the polymerization would proceed through a 'coordination insertion' mechanism, the pentafluorophenyl moiety was substituted for a more nucleophilic group. To isolate a zinc alkoxide, firstly the methyl zinc derivative (compound 2) was synthesized following the literature 15 procedure. 6 Single crystals of compound 2 suitable for single crystal X-ray diffraction were grown from a saturated petroleum ether solution. The structure of 2 was initially assigned based on 1 H NMR spectroscopic data and is similar to the ethyl derivative. 6 Surprisingly, the crystal structure of 2 (See Figure 2) Single, rod-like, crystals were obtained on prolonged standing of a petroleum ether solution of 3 at ambient temperature. The crystal structure was determined by X-ray diffraction ( Figure 3 ). The zinc centre is bound to three of the oxygens of the calixarene, 15 the two phenolic oxygens and one n-propoxy oxygen. As expected, the dative O-Zn bond length is significantly longer than the other two, viz 2.2760(10) vs. 1.9297 (10) rings, both η 6 . The Na(1) to centroid distances are 2.741 and 2.607 Å. The interaction between the sodium cation and one of the η 6 -centroids causes a pinching of the calixarene so that the final OR group is far enough removed that it does not participate in dative bonding to the zinc; the latter is therefore in the base of 25 a trigonal pyramid rather than in the trigonal bipyramidal geometry seen for 1. The sodium and zinc centres are 3.1725(7) Å apart. The target dizinc silylamide, compound 4, was synthesized from the reaction between two equivalents of zinc bis(hexamethyldisilyl amide), which has been vigorously 30 separated, and L 1 H 2 in toluene. Attempts to crystalize the product from THF/light petroleum, acetonitrile and pentane were unsuccessful; the compound was exceptionally soluble in these solvents. The volatiles from the reaction were removed in vacuo to give a yellow solid. The 1 H NMR spectrum, elemental analysis 35 and mass spectrum all match the structure as depicted in Scheme was determined by single crystal X-ray diffraction, which revealed the presence of three separate oxacalix [3] arene ligands within the molecule, two of which have been ring opened with formation of two carbon-C 6 F 5 bonds and a protonated oxygen which is involved either in hydrogen bonding to an acetontrile 70 molecule or an oxygen anion that forms two short bonds with two Zn 2+ centres (See Figure 4) . The remaining oxacalix [3] arene remains intact. There are six zinc metal centres within the compound, one of which is bound to a C 6 F 5 ring. The core of the molecule consists of two Zn 3 O 4 cubes missing one corner, linked 75 via two O atoms and supported with an O-H···O H-bond (see Table 1 ). The resulting 1 H NMR spectrum is complex due to lack of symmetry with nine separate tert-butyl signals. The 19 F NMR spectrum consists of nine peaks in total for the three C 6 F 5 fragments. Table 1 . Compound 1 was screened for the polymerization of ε-caprolactone at room temperature and was found to be inactive 20 when using dichloromethane, tetrahydrofuran or toluene as solvent ( Table 2 , runs 1 -3). Only at temperatures greater than 80 °C was compound 1 found to be active for the ROP of ε-caprolactone; attempting polymerization without benzyl alcohol present was detrimental to the catalytic system ( caprolactone molecular weight much lower than expected. The polymerization using 5 was further complicated due to the probability of forming a species similar to compound 6; the latter was not screened for polymerization. , the polydispersity (≤ 1.3) was not hampered by such back biting.
Experimental
All manipulations were carried out under an atmosphere of 60 nitrogen using standard Schlenk and cannula techniques or in a conventional nitrogen-filled glove-box. Solvents were refluxed over an appropriate drying agent, and distilled and degassed prior to use. Elemental analyses were performed by the microanalytical services at London Metropolitan University. NMR spectra were 65 recorded on Bruker Ascend 500/300 MHz spectrometers at 298 K; chemical shifts are referenced to the residual protio impurity of the deuterated solvent. IR spectra (Nujol mulls) were recorded on Perkin-Elmer 577 and 457 grating spectrophotometers. L 1 H 2 and L 2 H 3 were synthesized by the reported procedures. 10,18 racLactide was purchased from Sigma Aldrich and used without further purification. GPC analysis was performed on a Polymer Laboratories, PL-GPC 50 using THF at 0.5 mL′min flow rate and 5 30 °C, corrected by the Mark-Houwink factor (0.58). 123.3, 79.2, 32.8, 32.6, 30.9, 30.1, 29.9, 19.7, 8.2, 3 .9. 
Polymerization methods ε-Caprolactone
55
A Schlenk flask (250 ml) was charged with the required quantity of pre-catalyst in a glove box. The required amount of dry, degassed toluene and alcohol (from an alcohol/toluene solution) was added. The solution was heated to the required temperature. The polymerization was initiated by addition of the ε-60 caprolactone and was stirred for the allotted time. Conversion of monomer was determined by 1 H NMR spectroscopy, and the polymerization was quenched by addition of methanol rac-Lactide 5 Solutions of rac-lactide and catalyst were prepared separately using the required solvent. The required amount of alcohol, from a standard alcohol solution in toluene, was added to the catalyst. The rac-lactide solution was added to the catalyst solution and stirred for the allotted time at room temperature under nitrogen. 0.5 -1.0 mL aliquots were taken out of the stirred solution where required and quenched with 1 drop of 0.1 M HCl. The aliquots were then dried and analysed by 1 22 and were refined by full-matrix least-squares methods on F 2 in SHELXL-2013/2014. 21 Non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms were included in idealized positions and their U iso values were set to 25 ride on the U eq values of the parent carbon atoms except for H(13) in 6 for which coordinates were refined with an O-H distance restraint. Complex 2 contained a disordered solvent region which was handled using the BYPASS procedure. 23 The crystals of 6 were weakly diffracting, so data were only used to θ 30 = 22.5° and were of rather poor quality; the connectivity is however clearly determined.
Crystal data and refinement results for all samples are collated in Table 3 . CCDC 1014114-1014117 contain the supplementary crystallographic data for this paper. These data can be obtained 35 free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif
Conclusion
In conclusion, we have structurally characterized a number of 40 new zinc complexes bearing ligands derived from either 1,3-dipropoxy-p-tert-butyl-calix[4]arene or p-tertbutylhexahomotrioxacalix [3] arene. These include a complex in which there are two different calixarene conformations in the same structure, and an unusual structure bearing an 45 oxacalix [3] arene derived ligand as well as two ring-opened ligands derived from the parent oxacalix [3] arene. Screening for the potential to ROP either ε-caprolactone (ε-CL) and rac-lactide revealed that the presence of a Zn-C 6 F 5 motif was detrimental in the calix[4]arene systems, whilst use of the amide group 50 N(SiMe 3 ) 2 proved to be more effective, with a 65 % conversion over 4 h at ambient temperature. 
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